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Summary
This report describes the project to identify the global
distribution of extended HLA haplotypes, a compo-
nent of 16th International HLA and Immunogenetics
Workshop (IHIW), and summarizes the initial analyses
of data collected. The project aims to investigate
extended HLA haplotypes, compare their distribution
among different populations, assess their frequency in
hematopoietic stem cell unrelated donor registries and
initiate an international family studies database and
DNA repository to be made publicly available. HLA
haplotypes compiled in immunogenetics laboratories
during the evaluation of transplant candidates and
related potential donors were analysed. Haplotypes
were determined using the pedigree analysis tool pub-
licly available from the National Marrow Donor Pro-
gram (NMDP) website. Nineteen laboratories from 10
countries (11 laboratories from North America, five
from Asia, two from Latin America and one from
Australia) contributed data on a total of 1719 families
comprised of 7474 individuals. We identified 10 393
HLA haplotypes, of which 1682 haplotypes included
high-resolution typing at HLA-A, B, C, DRB1 and
DQB1 loci. We also present haplotypes containing
MICA and other HLA loci and haplotypes containing
rare alleles seen in these families. The project will be
extended through the 17th IHIW, and investigators
interested in joining the project may communicate
with the first author.
Introduction
HLA genes exhibit the highest degree of polymorphism
in the human genome (Campbell & Trowsdale, 1993),
spanning more than four megabases (Mb) within the
short arm of human chromosome six (6p21.3) and
contain more than 220 genes of diverse functionality
(Horton et al., 2004). Thousands of HLA alleles have
been described (http://www.ebi.ac.uk/imgt/hla/)
(Robinson et al., 2011). Linkage disequilibrium (LD)
between alleles at different HLA loci determines the
constellations of alleles that are inherited together,
otherwise known as haplotypes (Yunis et al., 2003).
Haplotypes, which vary in different racial and ethnic
populations, identify islands of nucleotide sequence
blocks between which meiotic crossing over occurs in
as ‘hotspots’. The number of haplotypes observed in
populations is much smaller than theoretically
expected, indicating that segregation of these alleles at
various loci is not random (Yunis et al., 2003).
In this component of the 16th International HLA
and Immunogenetics Workshop (IHIW), HLA haplo-
types historically compiled in 19 immunogenetics labo-
ratories in the context of evaluating transplant
candidates and their related potential donors were ret-
rospectively analysed. These family studies were pri-
marily for hematopoietic stem cell transplantation
(HSCT) but also included some solid organ transplants.
There are three popular approaches to determine
haplotypes. The first approach includes several
molecular methods that allow for the construction of
the haplotypes in unrelated individuals, such as allele-
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specific polymerase chain reaction (AS-PCR) and
somatic cell hybrids (Yan et al., 2000 and Douglas
et al., 2001). A second less expensive and less time-
consuming approach relies on statistical methods, such
as the expectation–maximization (EM) algorithm, for
the inference of haplotypes in unrelated individuals
from large population genotypic data sets (Niu, 2004).
In this project, we pursued the third method of family-
based studies, which is an efficient and robust tool to
establish phase and determine haplotype segregation.
This method is particularly invaluable in populations
with no available haplotype frequency data and in
admixed populations.
The project aims to (i) investigate extended HLA
haplotypes among different populations, (ii) compare
the distribution of identified haplotypes among different
populations, (iii) assess the frequency of identified hapl-
otypes in major hematopoietic stem cell unrelated
donor registries (preliminarily limited to the US
National Marrow Donor Program (NMDP) and the
Dutch population, data submitted by the Dr. Claas
from the University of Leiden) and (iv) initiate an inter-
national family studies database and DNA repository to
be made publicly available for further characterization
of HLA haplotypes, validation of haplotype prediction
algorithms and validation of HLA typing technologies.
Methods
Data collection
Data collection sheets were designed and distributed
by the first author and included fields for the HLA
typing at loci A, C, B, MICA, DRB1, DRB3/4/5,
DQA1, DQB1, DPA1 and DPB1. The sheets also
included fields for testing laboratories, family study
ID, subject ID, relation, ethnicity and country of birth.
Typing method
A wide spectrum of typing methods and strategies
were utilized by participating laboratories, including
combinations of rSSOP, SSP, DNA sequencing and
serologic confirmation of null alleles.
DNA samples
Participating laboratories were encouraged to submit
DNA samples from subjects who were representative
of the identified haplotypes.
Ethnicities
Ethnicities were grouped according to the data provided
by the centres. Ethnicities described by centres include
African American, Asian, Caucasian, Filipino, Hispanic,
Indian Sub Continent, Mexican Mestizos, Middle East-
ern (occurred in data from several centres, including
Mexico), North African, Other (listed as ‘other’ by cen-
tres) and Unknown (not listed or listed as ‘unknown’ by
centres). Individuals from Netherlands were designated
as Dutch, and individuals from New Zealand were des-
ignated as of Maori or Polynesian ancestry.
Bioinformatics tools
Pedigree analysis tool
Haplotypes were identified by segregation using a pedi-
gree analysis algorithm publicly available from The
United States NMDP Bioinformatics website (http://
bioinformatics.nmdp.org/HLA/Pedigree.aspx). The
typings at each locus were compared among a number
of related individuals to identify the HLA types that
were identical by descent and part of a shared haplo-
type. Families analysed by this tool included (i) two
parents and at least two non-HLA identical children
(quartets, n = 359 families), (ii) at least one parent and
any number of children totalling three family members
(trios, n = 635) and (iii) other families that did not
meet either criteria (n = 725). Because some HLA ty-
pings for individuals and families included a mix of
low-, intermediate- and high-level resolution, the algo-
rithm considered overlaps between sets of possible
alleles to ascertain whether typings at a given locus
were likely to be inherited by descent. The typings in
common between family members make up the inher-
ited haplotype. As this tool is designed to report results
with maximum certainty, results included some partial
haplotypes. Haplotypes determined by this tool were
sorted by locus and by ethnicity using Microsoft
Excel® spreadsheets and counted manually.
High-resolution haplotype frequencies
Five loci (HLA-A, C, B, DRB1 and DQB1) haplotypes
that were observed in  5 independent families were
examined for haplotype ranks and frequencies in the
major ethnic groups in the NMDP registry (European,
African American, Hispanic, and Asian/Pacific Islander,
http://bioinformatics.nmdp.org/HLA/Haplotype_Fre-
quencies/Haplotype_Frequencies.aspx). Frequencies of
these haplotypes were also examined against haplotype
frequencies in the Dutch population (based on maxi-
mal likelihood).
Rare alleles detector
All identified five loci (HLA-A, C, B, DRB1
and DQB1) haplotypes were examined by the
web-based rare alleles detector (RAD) tool publicly
available at the Allele Frequency website (http://www.
allelefrequencies.net) to detect potential rare alleles
(Gonzalez-Galarza et al., 2011). The RAD tool defines
‘very rare’ alleles as never seen excluding the initial
confirmation in IMGT/HLA, ‘rare’ alleles as seen one,
two and three times, excluding initial confirmation in
IMGT/HLA, and ‘frequent’ alleles as seen more than
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three times, excluding the initial confirmation in
IMGT/HLA. The high-resolution HLA typings of
unrelated individuals of Maori and Polynesian ances-
try (contributed by Dr. Dunn, New Zealand Blood
Services) were also examined by RAD.
Results and discussion
Participating centres
Nineteen laboratories from 10 countries (11 laborato-
ries from North America, five from Asia, two from
Latin America and one from Australia) contributed data
on a total of 1719 families comprised of 7474 individu-
als. Table 1 summarizes the data of participating cen-
tres, families, individuals, identified haplotypes and
abbreviations of populations used throughout this text.
It is of note that all families contributed from Japan
were designated as Asian, from St. Jude were designated
as Hispanic, from SKMC and KAMC were designated
as Middle Eastern and 42 families from Qatar were des-
ignated as Middle Eastern. In addition, Netherlands
contributed 295 haplotypes identified by maximum like-
lihood in the Dutch population that were used for com-
parison with pedigree identified haplotypes. New
Zealand contributed high-resolution typings of 157
unrelated individuals of Maori and Polynesian ancestry
that were used for comparison to rare alleles observed
in the analysed families. DNA samples were contributed
for further characterization of extended HLA haplo-
types by the centres listed in Table 1.
Identified five loci haplotypes
The number of haplotypes identified using the pedigree
analysis tool is 10 393 HLA haplotypes (Table 1). Of
those haplotypes, 1567 haplotypes included high-reso-
lution typing at HLA-A, B, C, DRB1 and DQB1 loci.
Table 2 presents the group of these high-resolution
five loci haplotypes that appeared in  5 independent
families (n = 18). This table also presents the ranks of
these haplotypes in the four major US populations
(Source: NMDP website, accessed on Oct 20, 2012)
and in the Dutch population. It is worth mentioning
that the frequently observed haplotypes are skewed
towards Asian populations because centres from this
continent, particularly Japan, contributed about 25%
of the high-resolution data submitted to the project.
Figure 1 illustrates the distribution of ethnicity among
high-resolution haplotypes.
Other loci containing haplotypes
We also identified haplotypes containing MICA
(n = 625), DRB3 (n = 290), DRB4 (n = 192), DRB5
(n = 122), DQA1 (n = 118), DPA1 (n = 17) and
DPB1 (n = 771) in the analysed families. Table 3 pre-
sents the most frequently observed haplotypes contain-
ing loci MICA, DRB3, DRB4, DRB5, DQA1 and
DPB1. All haplotypes with complete A, B, C, DRB1
and DQB1 typings that also contained DPA1 were
observed only once (data not shown).
Partial haplotype associations (blocks)
Most of the MICA data came from the Japanese
group, and the most commonly observed B-MICA
association were B*52:01-MICA*009 (65 Japanese
families), B*51:01-MICA*009 (49 Japanese and one
Hispanic), B*35:01-MICA*002 (49 Japanese),
B*15:01-MICA*010 (48 Japanese), B*40:02-
MICA*027 (44 Japanese), B*44:03-MICA*004 (41
Japanese and one Hispanic) and B*40:06-MICA*027
Figure 1. Distribution of identified high-resolution HLA haplotypes by ethnicity (n = 1567). Percentage of high-resolution haplotypes for each
ethnicity shown.
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(32 Japanese). Interestingly, the Class II haplotype
DRB1*04:07, DRB4*01:01, DQA1*03:01, DQB1*03:02,
DPA1*01:03 and DPB1*04:02 was observed in two fam-
ilies tested in different parts of the world (Mexico and
Wake Forest). Both of the two families were identified
as Hispanic. The same DRB1-DRB4-DQB1-DPB1 hap-
lotype was also seen in four additional Hispanic fami-
lies tested in the same two laboratories with missing
DRB4 and/or DQA1 information.
Very rare and rare alleles observed in the project families
Table 4 shows the alleles designated as ‘rare’ and ‘very
rare’. Each allele is shown within the haplotype it was
found within. Each haplotype was only seen in one
family. Examination of the New Zealand data desig-
nated DPA1*01:05 in one Polynesian individual with
admixed history as a ‘rare’ allele. That allele was not
seen in any analysed other family. Table 4 presents
the haplotypes containing these alleles designate by
RAD as ‘rare’ and ‘very rare’ alleles.
Results from this project are limited by the skewed
representation of populations from the data that
were submitted by the participating laboratories.
Additionally, recording and calculation of ethnic iden-
tification in less homogenous populations may also be
a potential source of inaccuracies.
This project aimed to generate pedigree-determined
extended HLA haplotypes in subjects of several differ-
ent ethnicities and to compare the global distribution
of these haplotypes. These data are invaluable to facil-
itate rapid identification of matched donors for HSCT
by inferring unknown phase and allele assignment
(Gourraud et al., 2005). HLA haplotype analysis
has also been used for disease associations and used
for a better understanding of many other processes,
such as anthropology genetics, due to its relation with
immune response and its high degree of polymorphism
(Crawford & Nickerson, 2005).
Future directions
This report summarizes the initial analyses of data
collected during the first phase of the project. The pro-
ject will be extended through the 17th IHIW. During
the next phases of the project, completion of HLA typ-
ing at all loci of haplotypes of interest will be con-
ducted and a select group of haplotypes will be tested
by next-generation sequencing (NGS) for characteriza-
tion of the whole MHC region. Concurrently, the pro-
ject will continue to accept family data and DNA
samples: investigators interested in joining the project
should communicate directly with the first author.
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